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(54) METHOD AND APPARATUS FOR PROJECTION EXPOSING 
(5 7) Abstract: 

PURPOSE: To improve the resolution exceeding 
the diffraction limit by emitting the light from a 
light source to a mask, diffracting the pattern of 
the mask, diffracting the diffracted light 
through a projection optical system, and 
reproducing the pattern on a sample to be 
exposed. 

CONSTITUTION: A mask 1 is inserted between a 
projection optical system 2 and diffraction 
gratings A, B, and a diffraction grating C is 
inserted between the system 2 and a wafer 4. In 
this case, the gratings A, B, C are simultaneously 
phase gratings. The light R perpendicularly 
incident to the mask 1 is diffracted to zero 
order diffracted light RO, + primary diffraction 
light Rl and - primary diffracted light Rl' on the 
mask surface. The light RO arrives at a point AO 
on the grating A, and the light diffracted in the - 
primary direction is diffracted to + primary 
direction at the point BO on the grating B. 

Thereafter, it is diffracted at the point CO on the grating C via the left end of the pupil 3 in 
± primary direction, and arrived at two points Q, P on the image surfaces. 
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1 89**i ) vxttwmtziMbs %m*b<om 
±e^**k:!»»i-6 xmt. 

1 *9 - v£ ffftu B#1-6 ia*»b 
«fc 1"6 a&Bft^&o 

[ 89**2 ] ±BH*f1"* XSt LT2 BBflrrtri 
SrEMSte T689**l Ww^Sim 
[ 89**3 ] $Mk s 

* t>*b <om mi t s&2 combat , 

$$3 wiaI#f^a©TicElBS *ifcK»*ttB1-6«» 
fc6 r i: * 1"6 aiWXKIB. 

[ 89**4 ] ±esbi t m <D®$r*m*im&*vh 

[ 89**5 ] *R«r*Lfc«*A©*S:IHW**5R«:^ 

NA, «>h*M: 1 ^a****fcj:9 *«±^ttft* 
*6 ^ t J: 9 ±EWR±Ki'<* -^*r »*« 

*j^t, ±cac&±BaKX9»^mtc±E»c&^ 

<0«#S4*ft6«fc5 ±E^**fc±EI8W*¥* 
wffltw, ±E^**£:¥frfc, ±E^^»^«I^JB 

2 (DBJfl***: $3 0B9H4HF02 ttfl>BiJr»*«:Rtt 
6 r t £ +5 a»B**fc 

[ 89**6 ] mElBl«fK-7-<:K»tfeX¥»roSt9rSinfl 
ttflkf MEH*f*WRltft^jt*5Roas*saiBJ|| 
ttftf 0 <fc 0 < > ^of o 02 fiamsr £ £ 
4*»fc 1-6 89*^5 E4£wa»B**ft. 
[ $5*317 ] ffiESSl tf>B9rWHP<&amJa»lP l tt, 
*/( 1 .4 2 • NA) SP 1 ^VNA 
0>«ffli::ifc6 i £ ^mi: +6 f^^^Ms E«oa»B* 

1 89**8 ) ±e»i , ®2 &u<!&3 0B*rft?0>Bn 
*ifiitt«u< , ±e»i <o®vr&*<D&mmmp i > m 

2 <z>0ff»*<02SBJS»IP 2 , »3 0>Bff«?0>£Bfl 
MP 3 II, ISf3c 

1/P3=1/P2-1/(M- PI) 
©B8««r»fc1-i <t +5 89**5 Ett08|gB 

I 89**9 ] ±E»i <BB*r»*<D±EiS«*ffia>e># 

^SgftftZ 1 , at/, ±E»2 , S&3 0@«f»^(D±E^ 

* * «®^e> **re«z 2 , z 3 ii, isia: 

( Z 3 -Z 2 ) /P2=(Z3/M + Z1- M) /PI 
<0H«S:»fc+r t £**mi: I"* 18*15 E«<oaiBB 



[ 89**1 0 ] ±E8l ttBff*** ±EJ&2 O0» 
&tf±E!B3 <7>Btf»*0>#Rfiffi:fi, ±E*1 to 
B«r**, ±ESg2 WBffll^ &tf±ES&3 coBtfrte 
**Rtt6#»HS««>«OT, &t/±E»2 wSJfft^ 
WEa«***WNAftWB/J^*, #B#r 
fc**±E»«©tfcBB«fc:«i:T, ±E^**®£:* 

1"6 89**5 E«wa*B**«fe. 

[ 89**1 1 ] ME^2 Ole]$ff^(7)^^^^P 2 tt, 

P 2 SI /( 1 -2 • NA/M) 

zmtz-tz t z^mt -tzmxm E«<7>a«B** 

[ W**i 2 ] WES&2 ^^3 oia«fl»-T-r4, ft^^ 
T-^fe 6 r fc «: -T6 »**5 E«<oa»B** 

[ M*«l 3 J 1IE81 <JOlHj*f*^tt, tt«*^"Cfc6 

r. ^ Sr tttt^: 1-6 «f**5 E«oS»B**tt, 

[ 4 ] iftEg^ ^E^i <z)0Jr»^ra^, 

ME-*ifiifc#-r6»jszi •NAWT-e, $mjs»^ 

»5f^2 "Z 1 'NAW$1 OBJt^-^tRltSt tt 
ir, ME-^^^«)lK±XttB[Tfc, ^**±<o±IE^i 

/<^->«:R*t-C«*«««:«Bi-6*», Xtt, ±Ef&J 
R**ifcB*B««:S«±-C**LrB*1-6*\ tL 

5»*«5 Ett^a»B**fc 

[ 5 ) MEB*f*^ttl ftTclalWtt^-CfeO , 

siiEa«***ottffiiR^, m±^<D±m\s\m^<o 

<fc 5 K«a*|jES nr ^6 r. fc «rtttt£: -T6 89**5 E 
«oa^B3t*ife« 

[ 19**1 6 ] ifiE^^^fi, H»fi«MV7h -^^^ 
Sr^tf^ t *$f'&t 1-619**5 E*wa^B**fe 

1 89**1 7 ] itfjE-v**!*, ^E^i tomwfc+tom 

6 r fc «: tttt!: 1-6 89**5 E«oa«B**S. 

[ 89**1 8 ] iUE^^^Ii, WE*l ©BJrtt^^Ji 

®k 1*6 §9**5 E«^a^B)t^fc 

[ 89**1 9 ] WE»l WBfftt^i: WES«wB«:, 

JB*r*n ^1*9 **V^«#-eBfcL, flftEa»**» 

0 .5 <N A <n /2 

(D®ffl(c|9:^L /iC^ ^mi: 1^6 19**5 Ett*>fi!fB 

[ 89**2 0 ] JfeaHSr^UfciftftAO^^^^^x- 
v?±(7)^x ^ K!$Utt1-6 BW**»i: ±E-7^ ^ ±<^^ 
9 -^*StR^x— ^±^3S4R*ffiiS«-t?««ftS ^6 B 

^(cioV^T, ±ES«i: ±Ea»**^©Bf-±ES 
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*t WTftHll 0£PflJ^#lP 1 ( */( 1 .4 2 • N 
A) £P l ZX/NA) <om EI«r*«:*U ±E» 

* fc ±EHtH***0>IBfc, ±E^***¥fTl;:. ±15 
■***«&»6>mtetB2 nmtitiftkm ©Ell)f**02 

[ S8#JI2 l ] ±ESBl , Sg2 &t/»3 wEI#f»^(0^ 
»]#|6]tt$L< s ±E»l wElJflS^SfflfflfflP 1 , 
$2 ©lalWftT-^ffilffl/aMP 2 , $3 0EI4ftt?a£m 

J^#iP 3 ft, 13:13? 

1 /P 3 =1 /(M- P 1 )+l /P 2 

[ !fl#^2 2 ] ±B»l OlHlWtt^, ±ES&2 <D|I]#r& 
&tf±B$3 <n®m#*<D&Wt&&m. ±BSfH w 
H#f»^, ±BS&2 ©H*f»^, &tf±EK§3 o@«r» 

**fc±Eitt«o{MIHttu:jEi:T, ±E^**ffi£& 

1-6M^^52 0 Etta&Bffft&B. 
[ ?8#ii2 3 ] flfiES«<i: itffiSl <D|sl*r***>IBfc, 
«IE-*lp|fc*H-5m*Z 1 -NAWK, SfflfflHItf 
IS#2 • NA- Z 1 <Z>tt#/<*-yfc*Tt3j&\ Xtt, 
±E**^^-^lc<t 0 MRS ixfcBft«*£S«±-C 

b B#+* #1-6 « S8&JS2 0 E 

[0001] 

ffl^b ft* ts:«B*sia^ffli-6 0 
[0002] 

[ «<o&ffi] l s i $o®##*<Djm&Rximftm 

^btiT^S. ro*ttwWflkPfi*ttB*»Sli:Jt«L 
»»^>X(OBflp*( NA) KEJfcMI-**:*, *g&£ 
ft* KNAfcfciB «MWRJM)fii±*«tft)*fC*fc. 
[ 0 0 0 3 ] ifi|/ha^B)t&^»«SSr$b{cf6j± 
1-Sfcfcrc3Mfe*L-C\ tt«V7hfe KSIR9lfe( ft 
A*t«Wft) , tt^-fy^-ftW, 
fflStiT^S. ^*xbtt, tt*X¥Xott«B«r3ltftM<e 
ElflrKJM «fr£flfljia&&=2 NA/1) #5 #'«9 £r 



ULSI ]) y^7 7-fa«(Z)*«, *1 $3 4 

bH54 9 H( i-^^y^y^-y^^tn. i 9 9 4 f, 
1m) fcac&jxr^a. 

[ 0 0 0 4 ] ■IftttoAftAtr, «**>±BlHl*r 

37*. S9f, K8 5 3 M^b S8 5 9 K 19 68 
tlfctbJxTV^o w£>5 *>tf>l o<7)#j£te N 20 
©«-7-/^-y«r*#&l«fcoifi[±( 'Ptz< bhtiktm 

$1 *T-/^-yJ:!9 fiv^ra^ft««:*-f6fc«), u 

ftfcfc, *h ^n*y^ »ftfci> */N±^B[*Rlt, d 
[ 0 0 0 5] 

[0006] 4i*B**<z)««ftfttt, i/vX) 

#»oaa*a)|BIW»6>Ar Fx^^l/-f( ififil 
9 3nm) *«IR#fc #*.biX5. X, U>X»|f&t;« 

s±ronw^, a»***©NAtto .6 -0 .7 ^r 

#i:%x.bix5o L^i:, a*B3feft«>W«Pfifftt- 
»tro .5 i/NA, H»Stt*S/7h jfeSrfflv^*^ 
tt0.3 X/NAag-C^«9 , got, ±Efittftfta 
t5ii5NA{^:^PS#^ffiV^-rt ^ 0.1 nm£lT(Os*fi- 

>tt»a,nm^\ ±E«»fiffi*^7h»T?f4^ 
lsi <D*a«{b«-#v^B*ffia^a:*^5*s tirv^ 

SK***w«*7-f-/uK©tt*i:KNA<k«) 

[ 0 0 0 7 ] «*0|sIJfRRff S: jBxfi C Sr @ 6<J 

I»/hft*l*«rtt*i-5r4:«riWfc«. z (Ditto, % 
y y ^9 7 OK 
tt^1"Lt«LXttv^j:v^^5 IMB/feM>ofc 0 0U^i 
tf, WE^ru^-^SrfiJffli-a^rffi-ctt^ 2ocot& 
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[0008] fraafHHFoftM'** 

*<0Btf«JM £»r3BftRft) tra*.-C«±1-6#tt 
££x.5r£&Uc N *^NA£3lffiift{;:®*:2 fglct 

[0009] #«w<B)w*>BWtt\ a*s<oB*»a© 
ant* , r^tc#/> 
©aASra^a «tt-cwa*ft±»*«>as t a* *ra 

L S I <&*ft&Bfc:BL fc»«B**fe«:««i- 
[0010] 

[ BB«r*ft+* ±E@«tt, ftft^ft 

A, «/NP=i : M) fcJ:9«*±^ttaS*X/<^- 
^«r»«t5B, ±CSa& ±E»»***©Bfc* ± 
IHtffiC, £PflJSJ#!P 1 ( (&U i/(1.4 2 

• na) gpi ^x/NAtfcs: *a*B*L^) <£>m 

1 O0»f«HF«:RJt5tfcfc^ ±BB1 wHI*f*^lc 

**©Bfc, ±f£-v^^i:¥^Tlc, ±a^^«*»e>a 
KSB2 ©Htftt^fc SS3 <OIsI#fft^(02 tt<Z)|Bl#r»^«r 

Rits::*: ir<t«9 ns 0 

[0011] JBl ©@*f**©B»*K:.fc 9 -rx?*<9 
-^oat«»^H*i-6fc*Jctt, ±E»1 , SS2& 
t/»3 WHHra*«>Ha*lfiltt«U< > JbE»l <t)!hW 
»froaWJS»P l , $2 0>B0r«HF>0>3BBJHP 2 , 
$3 coiHlWt&^oSf^^^P 3 Sr, ISiafi /P 3 =1 / 

P2-1 / (m- pi jwBB^^afc-ra^a^+s. 

X, ±B»l 0B«rtt?0±ES&*B*>&<0%¥EM 
Z l , aw, ±B$2 % #3 ©BffSTOiB^^^* 

Bd»e>co**a«z 2 , z 3 tt, isff 

( Z 3 -Z 2 ) /P2=(Z3 /M + Z 1 • M) /P 1 

©BttfcBfc+afcRfc-fS. Sfefc, P2£i/( 1 
-2 • NA/M) T?*>6-i:35«a*Ut\ X> gl , % 

2 % m *>@Wtt**>RBttB, #EI»ft^roaWS« 

LV\, X, £££$1 0>@«**©Bfc, «#Z 1 -N 

aj^t-c, aBMa*<isi3?2 »z 1 *NA<nmi <om%'< 
WE^^^<oia±xttia:T^±E*i w 
ae^^-^t ia»3f*a4«««ra*-*-a»2 ©a*/< 

^-^«rR»tTB*ffl«4:*JI«1-5wt^»*t^o $ 



fefc, MI^CT, ±BMR$*x£Bftfitt£:&K± 

**bB*«-fc^#*uv\ rixb#EHff**f±, tfc 

[0012] ftfc, MEBfftt^ttl ftTcIilJfft^i: 
U WES«*¥*(OttBi|KjlSr, «±-CW±ElH]Jf» 

*oB»*iftfcaaft*fi©a«*ratL-c, aattfc 
®ttfo*(»mmRxfijjmz.&ix, am*:/** -><o® 

B*Lv\, X, mi ©H«»** aBMR«>B*B*r» 
n #1 **^Rfln»»fcU MERa***«>NA 

0 .5 <N A <n /2 
[0013] 

[ flUB] *36ifltt, S»***wft»xi/^yh^i 
^©MfcH*r*HF*RH\ **^B^AIt+S#tr-* 

U »aic«****ouvX-ijr3i/xBI!:iaiffl»^*r 

a®±eo tf & tf b *tkai-»e> «o r l * v \ 

[0014] ^awwfpffltaa-rsfctoj^ *%wtc 

it$>, «*s«B***»-ca*^^xttttav7b 
-7^^^, *^aaicanL^a^»«>(canL^a 

£<o»ffceo*im&:EI2 a , b , c , d ic^-To v^-fix^ 
BTt ,2:1 t =" t V h WW, 1 &7C 

[0015] ^T, SraiEWM 
LfcS^( B2a) , Si8a-e^^2 1 ^^dAML/c 
*2 2 ttvx^io/^-^KJ:!? 0»f$^ 
3 *>#f£#^2 3 (75*2 4 ( m 2 0 ^rtffiij) Sriiig 

Lfc*a^aB2 5 ±iciR«t, f#Lt/^-yt* 
/^-^aafr^aafftfia-rst, i 

/( 2 NA) ( {&LNA=s i n Bo) fcfcfc, $b 
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2 9 ( B^-AMI) ic#ur»wcH*r*a*ti:5. 

«*riiiBT*6»*«)iajf*tt:2 > 

»tt»ff«tA/( 4 na) *-eifii±i-6 0 

[ o o i 6 j a*3t**i-««)«w*affli"s^ 

( H2c , f$fil|icofcdt>-^^^ IhJ^t^coo ft)t2 7 asH* 
ltt«>2EJ»Sriffixa-r6i:fiSUfe) , ^^|aIJf*05% 
0 ftft£ t TJEAif A^IalJf oJHUfifc 
#( H-Ctt+l **2 8 ) £tt«£ii$U flkBfctt 

i§-e#/ccv>^^, '<fi-y&Miki>te^( H)2 d ) 0 
[0017] *%w<D-Mmt&'3< ft^mzx 

l-tSSIftSrHl (-^i"o Ell Ojfe¥^tt, 02 K>t«** 

*A, B, Ctttt>»-tt**^1-5 0 
[00181^1 KffiaAWbfcftR W:-r**ffi-C 

0 »:Islff*R0 , +1 ftleltfrftR 1 , -1 &(aI*f3tR 

1 ' KEWrSfta. OMROI10ilf»fA±»^AO 

BlW^B0T + l ft#fflld@*r£j|xfc«, B$3 ( 

5 (Drtffl) <D&m*&X®tf»*C ±<D&C0 "C±l ft 

sifiiKisijfSjh,, &*&®±<d2£q, pici§i-5 0 

X, +1 fttsJtfrftRl 12, @#r»T-A±wjSAl tcjg 
U &*|6lll|Hl«f$iXfc*ttlHl«fft^B±0 
£B 1 "C+l **«:H»4hfc*, 8S3 <7)tr««rgT 
laUfttfCi^jSCl -C±l ft*ffiiiclHl*fSii, 
»®±cr>^Q, Ptcif-r^o ^A0t+1 ft#ft 
fcHHrSiifcO ft*R0 ' k-1 ft0Jfr*Ri ' lc*t1- 
S#BM\ ±^2 *H6<o*Kt **h6 ( 

p > Q ' ^t, p A-ctt^^-ciHiftSti 

fcO ftft, ft, -1 ftft$CD3 OC0*j»^Sft5 

[0019] ft*ifc( B2a) t Jfc-<6 t , R-ON 
A, tt*£»oft¥»£Jfi<,vt\ 2 f»o|s]tfrft£<b 00 
lff**s*«:iffia"Cfr*fc*, MtttfcNA«:2«Lfc*> 

m»<otom*®tt>inz. »*>mm m2 b ) -c« 



****fc«»ffltt«s/7 h -rxtzmm-tzk ( a 3 
a ) , o*ia«*3ftS}H*urjii!roflpwia«fA«:*i-5 

+ 1 ftftR+t-1 fc#R-#TW1-6«*, ®/h«ffe 
KttJl/( 8 NA) £fc* 0 rtttt, 

6 X/( 4 NA) o^-Cfot) , *£H£J:9 

IRW»«>»*2«, BP^X/(8NA) *-C»|fcfl[«:|6j 

[ 0 0 2 0 ] *»WW1R31S:7-!; 3ilH]*fffiflftwSt»*» 
b <b ft<£> J: 5 ( B4 ) o WT^^t 

2 oi:^nrax.5 ( (H4 a ) . zmnwa*, 

*^&?LZ>Zk\Ctj:Z) ( IU4b) o HP^, 04 0>»£\ 
H!4 b (7)^(07 a:|Hl*rtt^ia4 a O^ti^liW^tC 
HI4 b 3i|Bl*f*^H4 a <D^m<Dm 

fc«>eO*«=ttft(02 ^t?*>S Q 

[ 00 2 1 ] ( 1 ) 2 o(08fi^^LT^X^±^^-^ 
[ 00 2 2 ] ( 2 ) 2 h A^S, 2 0<7)|i(D^ 

[ 00 2 3 ]f^fx.ixH 1 oOiMfrrt*^!* 

[ 0 0 2 4 ] ffe&»bft-C\ ©Jr^C^^LTf V7 

A5r^UT^fl«9 f M i/7h Ltzm&<D7~V ^lEl^fft 
355^6^ 1-6 1 . X«)tt«)WI»*u (x ){4ft^T^ 

[0025] 

u(x )=F[2p (f -f ')• So (f -f -)] 
f '=±S C 

f "=±( SA-S B-S C) 

F[ ](i7-y ^ae», P (f )(4ttB8», o 
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mnttifk&m. sa, sb, s cnw\$r#*A , b , c <o 

*&-To let, 
SA=S B + SC 

f "=0 

k W , f '= ±S C<DW\%\Cttl> T^tCf "=0 &6 

3i£ '#£>:: t as-c#6 0 fiP^2o(oto(f ±sc)^^ 

UTl rxDx^th /Uo (f ^I6r^^5 0 £b 

SA-(ZB-Z A)=SC-(Z B+ZC) 

[ 0 0 2 6 ] ±(D&m&m&M<DTVffi'h&M: 1 , 

B, C<DmMPA, PB, PC, ^^©i: iHl^r^A, 
B W<OVmz A, Z B, ®$x®=?-C k m®i&M£\<DfcMZ 

[ 00 2 7 ] 1/P A=1/P B-l / (M-P C) 
(Z B-Z A)/P A=(Z B/M + M-Z C)/P C 

*/NA^PC^>T2 * X /NA 

[ 0 0 2 8 ] ig#f»^A , b tt % t a* 

Etf&^A, B *s*±4ffl:*»^T?4< 0 & 

ftlfeiLcoj^TOig^-e^^o flu, fc-csfi^aj:} fc, 

[ 0 0 2 9 ] 0«f*^B WS«««riB#r*n #1 * 
n^l/ntW. *r -C, $ h KEWMMPB CDJ^#|£ 
£ , /n 1 /n lcfi± 

@««^Bi:»«W|fl]oa*fWl *>»3\ 



ffitaA±aft& *i4v^ g sin e >o .5 <7)^fi e vmm 

9 0 S£H±t 49 , irvh ftt LTE»r**« 

Hifrft^ B fc S«<O|il]<0JB*f*«:n £ 1 , sin 

0 =NA©ft«-ClsISf*^B ( 86a>«£«iBLfcO fcjfc 
^**/N-liSittA«i-5fc«>J!:f4J«JI!X/NA-C/j:ft 

sin0'=( */P B + sin0) /n =2 NA/n 
fcfcfl, fl'OOj-CfcSfcftOftttlt N A <n / 
2ktiZ> 0 Wh, tt8H«*NA=n/2©*«* 

Pir^[I*3^Tii«ftffl$tlT^5NA0 .6 ^SO^: 
mi. 3) tifcLTS*tnfl 3MtttKlNA«rl. 

5nm) "Ct>> 0.1 » mJKTW»ffc«^» b ^ £ 
[ 0 0 3 0 ] BL±(0«|fctt^Tifi(*3SiH«rfi*L, ©#r 

[ 0 0 3 1 ] ft^, *»WK*3^Ta«-t-^<*jiW!:o^ 
[ 00 3 2 ]|1 I:, ****-Ctttt*«*tfel: Jt^ 

1 <DiE±( 9^-k®Vr#*c<Dm) \cm%-?*9 5 

2 fcR#trr*t6)Ott(Z>«S:BWt6r t 

w^B«5 3 (7) pffijcJBfig-fS r ^ . ( 



(7) 
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m p to t »<om q&) <nm<D&M( m*2 -na* 

ZB) t*at6S*t, ±IBE«^2f&SrS^LT 

^xA-i^^t^tirnsi^L^, rco&i, ft 

fflv^rims. B**r««*#«*Lfc^ 
*i"tc«*^rflB-c«>a o s «iHi#f*^B 

coMffiliaot^^ EWte*B£«ffi>Nb«-f 
l : l fci^. ft0fea£*«:ttlftT*fc6 

I-, ^^^-±B*ffl*(75BWtt, W^NA*ZB£-fS 

:tfflU\ X. 0»*^B £fi«&ftXBft-7-*r 
[ 0 0 3 3 ] $2 fc, **tfeT»tt-*t»*!i*35««T 

aars «i-b* ft«s wst+s - 1 

[ 0 0 3 4 ] ffl<BKW-M*LfcJ:5 US±fc 

tt, f "=0 coffin LV^[HlW4fetCAP^X, f tt =±2(SA 

tt, 

P A^l /( 1 -2 -NA/M) 

-CI51ff$tifclHlBrft( 01 4»Ri ) li#i-6Elff»^A 
lUa+l ft*|filoiHHffft( 01 *A1 d^SW-fiSH 

[ 0 0 3 5 )14 *«WOft#*"Ctt, @#f»^» 

a«^ftjtft^***i: ®tt&*<omm%fo&'£ttmftizh 



Mm o 06 a ©**5R3ftS*lR«'efc5fc*?)^tt, M*. 
#0X1X2X31 , OY1Y2Y3I , RXfOZ 1Z 2Z 3l 

bom^ftKS^festrix^teiiir/jiSo ::*es 

£ N X2X3=Y2Y3=Z2Z3<fc l 9 > OX1X2+X3I > 

OY1Y2+Y3I , st/oziZ2+Z3i nmtmitbtt 

5 0 ificOit^^5 0XiX2X3l *>><bOZ iZ 2Z 31 
tcS5*Bo*ffitefiS:OYiY2Y3l SrSWiLTft 
*ftt fci*81«s KfcfL T jx h -T5 t 06 b (7) 

*i-Sft»fj:*fi-steSfcw- (s ft**o>*raw4a> 
<bw+(s )illS:War»»i4:5. **W"Ctt, 
+*fS)^(slWtfcft^ -*f6itclaIWUfeft«rlPll*^»3i 

«rn»KH3E1-*M*««>5. Lt>>U B6b 

«^-»L4v^i^, r4xe>«:R^S«ft¥*-C 
»IE+S^tttlRJIWfcEB*fcS. tot, rixb^ 
iRSStt, ^***S)Kft¥*<0lB* Xl^x/N-ts^ 

[ 0 0 3 6 ] w+(s )t w- (s )35Sf?L*t4xtf, rtLS: 

a«***-e*ijE"r6wt36SnrsB'c*s. aw 

(s )={ w+(s )) -{ w- (s )} Sr, B±( 06 -ett 
-l £l<Wm) -CjfifiirJt^-C+^/hSv^fi 
H«ix.ix«<t^o Aw±(s 

mtiLk B*f«^Ott»ttBB«M»^<9> -^x i ( i 
= 1,2, ••■) <&M»fcLT£3*iS. Kt, BJS 
li, -1 ^l^^fflT, Aw (s , xi )<5^^|fc 

•fxi ^»#-rs. mm<D^mit<Dm\^ 

^^aaa**^»LT±<oftas:*-r6ft»t- 

[ 0 0 3 7 ] UA±, ffi*^fc*^^^/^-^i:UXl 
9C7cW/^-yS:«3ELyS:*s, *B^tt2 »:5c/^-> 

tt, ^^^aaB©*»tt, ftttt @«f«-f-oH»*fl 

Awir It, ii±w2 s % t ) 0>BB 

Aw(s , t )={ w+(s , t )} -{ w- (s , t )} % 

Bffirt-C, Aw(s , t % x i )< d&ffitZ'tx i 
%#it>titfJ:\t\ ztilt^ w±(s „ t )^riS±-Cs =0 
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[ 0 0 3 8 ] £ b fc, ±X <D*fa\zMl, T*»Ww8!ift 
fc»*fc»Ktt, #j;itf07 a , b KS-lslJr 

3\ *Wt±«)>l©»tt4BI«»i:45. L*»L4# 

t«^«U<, 08 C0«fc9 41 ftTClfilfffe^fflV^ 
COj^J;*) SSSflTCfc*. 08 a , b , c 1*3 O(0ft«W 
4H*f»*t JtJWt±oB»R-e*>6 0 08 a 
x *r6lO^->tc:*fL'CIHtW4NAtt2 fg&< 

y ^rf^)co^<^->{c^t-Cfi^>i-5o 08 b 

6o 08 c C0$£\ x , y M#|p]£fcNAtt:V"2ffiF*4 
5rt*> x , y *«B^|C«^5tt«tttBtt»b< /V- 

#^bti6 0 fejn^^ict, 7^ 

[ 0 0 3 9 ] ««ttjfiro/^-v*fiHk#tt«:4< 
#>l::tt, 08 a , b % c CD&#£, &*0»J;if£9 0 &m 

mzi£x&mKmft<>xh£\<\ mz^ msc \zzti 

«:afflLfc»fr^tt, x, y *lSl£Jl«.Km-6^-V 
#|6jR#tt*rffl«JU a»o»3>h?^hti(tfc*f 
fcx, y M*lftli:tNA«rV2*LfcOtW«4ft«rl» 

>^*-£fflv^m\ Ih]»^HI::M9 0 

[ 0 0 4 0 ] 03 K^Lfccfc? Kfflffl«H«fc*B>'7h 

0 , #*0>#IS*tt«LV\ lot, #¥*#iRSi*&IE 

s<xx^4< Tb««i^-v»rt^rtB-e*)S. bp*>, 
^t-uyh mmTxmmm&^yyh vxnffi 

bi"»*«lc»»1-Swt «*4/^-y© 

[ 0 0 4 1 ] ilEllRSItt-lft^NAOffittt*- 
^ICiQ^-r^o r COfctf), NA0 .1 ~0 .2 U&<Oit 
*»-CttJt«Wfffl«i:4b4v\ (tot, i&N A • 
*o*ap«fflB*«IE^, Klta^ttXlMB/hSKaX 



[ 00 4 2 ] SLb, *389Jtt, 0 ftlsIJf****^ t 
»»©XitlclH:b*L-C^6««E^Jfe* 

**^ro±-c*a^rtB4 

^Tfc< ^Cmfcfc *>fctt4b*V\, Bpib. 01 CO 
***tt, »K***t!>3:/N«)|Bir|E|*rl»^«rttJt, 

JB*r*¥*. K4t*¥^, &lft:*ib 

W4Sft»^S<5V^rv^6 0 ffioT, ifKS^TUJKSrffl 

[0043] 
[ ^ffiPJ] 

( Xlkfll ) **M^*<5f , NA=0. 45, 3feMtt 
!A=24 8 nm, «/J^*4 : 1 COX^r^^MKr 

tw&jgLito IPb, ^^^r-yl 0 0 ±{zmmi,ti 

^nOU 0 2 cora^ Pffi^ffiffift 

^-y«rtt6S^$Kl 0 3 SrfflAUfco X, 
r)x/N-^r-^( 1 0 4 ±lciS:®Lfc^^/> 

-1 0 5 <ir ft#ft¥*i 0 2 ©IBK, frffitcig*/^ - 

0 6 «*^-^(7>«^^3:/N-^»ffi1-5J:5 I- 
tfALfco «*/^-Vtt«3 0 0 vmmWl mmCOC 
r ffift» : f^-^H^»l=X/NAOSi 
»ftK^-^i: Lfco -7^^«ra^=Ki 0 3 ±co 

Si KfldBPn, K©#ft»fc#at4^»»«raiiL 
fc*Ofi*36Sl8 0*-f*tSJ:5 fcK*Lfc. rnbco 

Lfco X, 0 7 iK)tC, «Ml .2 m 

-mmwz&m o e ±©a*/<^ -><t *at 4** 

[ 00 4 4 ] an^T^Ki 0 3 HB0ffittft?0>fl*K 



(9) 



%fffi¥-8 -316125 



-r /^-l 0 9 S:S»***(0»fl:tl:»ALfc. 
-C, ittSSffilE^ /i^-l 0 9 ifciElslff**© 

£ e 4*5, rne>«@*r«^»*r#1-*aw«*Ki:iR 

-ess. s&i;:, ^x/N-^f-^io4±i3tfct 

-h (U^-ttT) Kit) 

bfrfcofc, *-7->>«P^l 10*4, 
1 0 0 S*l 04=^ % &*4 : 1 WiS« 

[ 00 4 5 ] ±EB#36ffl*ffl^T, h 

w ±(s )=w u ±(s )+w s ±(s ) 

wu ±(s )=Cih i+C2(s i)h 2+Csh 5 + Ceh 6 
ws ±(s )=C 3h 3+C4h 4 
C i=tan[(s±so)/M]/M, C2=tan[±(si/n)-(s±so)/(nM)]/M 
C3=tan[s/MJ/M > C4=tan(s), 
C5=tan[(s±so)/n], Ce=tan(s±so) 

::t wu nm±xs =o ic#lt*#*4*», w 

s nttffitef&ftZ&lTo fit* s o=NA, s i=X/P 

ATfe5o s o( NA) , ffi/JH8*M, 89W£2£«a>© 

h i( i =1 -6 ) &tfs i£#tf 0 ^ 
twu ±(s ), ws ±(s TttM: ft/hi: I"'* 

fcLfc. ^< o*»on A C»t6 Hft»*©-»IIMl 
1 l^-To i&U i|XlStth5/X«r*ffii:-r6«ffii|X^ 

[ 0 0 4 9] 
I *1 1 



», ±EflMtt*<z>H»i;&ipj( x witjiffla 

ffiffi'>7h v^^^J:?) #90nm( HJHl 80n 
m) ±E*[p| 
fcMKe*lfil< y *ffij) tf>ft?fc£tt> Sfr^h^^ 
Srffl^T-tfifcl 4 0 n m ( J^#|2 8 0 n m) SflTCfco 
fc 0 ^C-C, fcfc, ±E3 ttWttfttt^XtfftffiijE? 
-f ^ -S:9 0 KleHSL X mc ?Z®ftLXUi/x 

[ 00 4 6 ] 4*5, ±<0**Wtt, N 

[ 0 0 4 7 ] ( £ffiM2 ) |g*f»^3»Alc#5 « 
"to Hi 0 W*#JRfc*JV*-C, O, I (4, 
»AU4^»lf***©^^iii:«B, h i( i =1 

-6) \-m<¥<nmm:7Fir 0 ia*f*^A, b, ct^^ 

■C±o**«r*1-S*»lc»««iBU6w±(s )tt\ ft 
[ 0 0 4 8] 



NA 


0.1 


0,2 


0,3 


0.4 


hi/hs 


17.352 


16.167 


14.263 


11.343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.800 


20.137 


14.819 


hVhs 


0.368 


0.4*5 


0.652 


0.920 


he/tis 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


w max(s) 


5x1 0" 9 


3x1 0" 7 


4x10* 6 


5x1 0 -6 




1x10" 12 


1x1 0" 9 


2x10 " 7 


1x10" 5 



w^ts) = max[w+(s) - w-(s)] 
si = nX/PA 
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1 0 0 5 0 1 m*tbt>frZ&? NA=0 .4 

antra, ia*f»^A, B^**»joawa«±^Rit6) 

[ 0 0 5 1 ] ( £ffi0)3 ) fcfc, Hffiffll K^LfcB* 
SSIESrffl^-C, 0. 1 /*mRffvu-/WDDRAM£ffr5Jc 

LfcWicov^a^a, ui i ±B^v^«>ff« 

[ 0 0 5 2 ] $1% **^«( H*H*r"f) Sr»*LfcS 

1 &&2 0 1 ±lCT^y U-i/a V2 0 2 ftV^-h 2 

o 3 *«jSLfc( ii i a ) 0 r^yi/-^3 ^&t/y 

mmftZfo&'tZiZtonvx? tJMtLfc. ±ie^** 
S:±BB*S:1to fct co£ |S]-u s?* h RfcftL Ttt* 

[ 0 0 5 3 ] *-\"<^*-2 0 4 b 

*-/U2 0 5 %Ml&{,1t( m 1 b ) o =i>^^h *- 
/w^->B*liitt, IB^IWCtRaBStfflv^fc. * 

IC, »1 0 6 , ) , % 

2 JgK$2 0 7 fc»jfcLfc< Hi 1 c ) . Jll Jfg£$ 
(0. 1 /imL/S) ttB»affi«5/7 h "rxfhm* 

Wi ic*LfcBttSiHfcffl^TB*Lfc, ffiL, ::t 

L, Sb^r^*9 0«lslfe$-frT#fiB*;«:fTofe 0 
C 0>£ # , P)^(^i!X^fflIE7^ /u* -I09t 

i 1 1^9 0 SHeHS* *£fc 0 z tnzx <0 , ««Wia5*i6j 
lC]ffit;5iBl8^»tT*[Sl«#tt4L^0 . 1/imL/ 

^|B]«, flt^HlttftaiBftfcffl^fc. &ftrc#JSE» 

0 . 2 /im;P-/u-C»^tfe^ , 

[ 0 0 5 4 ] ( £ffiM4 ) #$8W<0S'J*>2l!feMi: 
It, *3BW4r»*»iSS!( DFB) I/ — F-oHflsfc 
jBfflLfcWlCO^TaZE^So BfcMtfctt* NA0. 5 
OAr Fa*s/^w-lflB/hl9rjBB*K««r**«i R 

h df b I'-y-tnftmxM&te^x. m^mmmm 

&m^XMf$Ll,X^1zmm 4 0 n m<D[p}#Tte^£, A 



[0055] 

LT*£v**K:!B»u ^^^-^*rfi»*** 

gffi<t ±ES***¥*<0Mfc±E;S«i: WfclB#r»* 
SrRitStttl^, ±E0W» : ?-^«tD lEl«rSixfc*w 

Settle, ««**»i:^^w|BXtt^^i:BRW* 
**«>IBir|sl*fl»-T-Xtt»ft***«rRtta r £ lei 
9> tt*B««Eoff{klfi#«:tt^^fKft^^-^^* 

*(Z)NAS:IUIWJ-**:2ffiF^Ufe^ 

#*B*7^-/uKtii!v^«*^#b^ *fi4em 

[0056] 

[ BEOfl^RK] 

[ Hi ] *»WfcJ:5-***o«*©llKa*»ftr*M 
[ 02 ] *««*B*tt»-J:6ttftojlS(aSr*"i-«a;H 
[ (U3 ] *»W«cJ:6-***fcffi«V7h -e^^Xfi 

[ H4 ] *»WlcJ:6-*¥*<7)»«wlR31«r®«f** 
[ 06 ] *»WK:j:S-***^»tt«:»r**H-e* 

So 

[ B8 ] ^^^?»)tm^ni:J;!) »e>Jx6 

[ H9 ] *mtoto-mmm&x*mttmnm&**ir 

l mo] *»Wro»J©Jt*«<o»tt«:*1-Bir*>6. 
[ Hi 1 ] ^WogiJ^^JSW^ctSx/M^^KXS 

[ «F#(0RW] 

1 -^^ 2 3 -BL 4 ..r>^- % 

5,20 ,6.29 -ftttu A, B, C-Isl*f» 

■?•> R- R0, RO ' -0 Rl , R4-, 

R 1 " -+1 ftlljf*;, R 1 \ R — -1 ftlHlW*, 
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AO, Al ~\3}VTfe*A±.<D^ BO, Bl -EtfTtei 1 
B ±(D^ 0 0,01,01' -[eliW&^C ±<Z)£, 
Q, P, Q' -{feffi±(£>&, 2 1 -fi^ii^**, 
2 2 2 3 2 4 2 5 -ft®, 

2 6 -mmm&^yyb 2 7 -^^iauf*© 

0 fcft, 2 8 - + 1 fcft, 5 1 -fife®, 5 2 -igft-e* 
^ 5 3 » ^^tfc, O— 7*?±<£>,£, X1, Y1, Z 
r"®tf*&*A±<D£, X 2 , Y2, Z 2 --lH]tFf^B±<7) 

^c, xa, Y 3 , z 3 -[Eiwi&^c±<7)^, i -mm±<o 
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-fiK***, 1 0 3 -aW^tR, 1 0 4 - ^/n- 
Kfi-fc) ,10 5 ■ 1 0 6 -aw 

*3S*u 1 0 7 -]M9Jft¥£, l 0 8 -aw***, 1 

0 9 • -%imffil£7 4 1 1 0 -^f^iil, 

2 0 1 -s i gtfu 202 -r^y^-v/a 2 0 3 

xh-yK 2 0 6 -m IBBiK, 2 0 7 -K2 ISH^o 



[ 



U ] 

01 



[ B2 ] 
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[ m ] 
(§19 



[ mi o ] 
01 o 



